ABSTRACT
studied the effect of river pollution on the microbial community composition in the Citarum River Basin, West 23 Java, Indonesia. Sediment was collected at six sampling points along a gradient of pollution, from the pristine 24 source of the river to the heavily polluted downstream site in the densely populated urban area of Bandung.
25
After DNA extraction, microbial diversity and potential for nitrogen cycling were analyzed based on 16S 
53
Here, we focus on the Citarum river located in West Java, Indonesia, which originates at Mount Wayang from 54 where it runs to the northern coast of Java close to Jakarta. The Citarum river has an important role in life of 55 the people in the catchment area, with a population of 40 million. It is a source of water for agriculture, industry, 56 domestic water supply and for disposal of sewage. The river is also important for generating of electricity by 57 three hydropower plants, delivers 20% of Indonesia's gross domestic product and supplies drinking water to 58 80% of the population of Jakarta (10 million people) (United Nations Department of Economic and Social
59
Affairs, 2017). Given these important functions, Citarum is categorized as a 'super priority river' by the 60 government in 1984, nevertheless the Citarum river is considered one of the most polluted rivers in the world.
61
When Indonesia experienced a manufacturing boom in the textile industry, waste water disposal was not a high 62 priority. As a result, the Citarum showed severe visible problems of garbage disposal, and untreated industrial 63 and domestic wastewater discharge (Fulazzaky et al., 2008) . Similarly, the waste of agriculture is disposed 64 untreated into the river, and thus tons of cattle manure ends up in the water each day. Together these pollutions 65 have resulted in more than 60% reduction of the fish, so the catch-of-the-day is nowadays old plastic that is 4 sold for recycling. In the upstream area wide spread deforestation to accommodate fields for vegetables have Arch349F (5'-GYGCASCAGKCGMGAAW-3') and Arch806R (5'-GGACTACVSGGGTATCTAAT-3') (Takai and Horikoshi, 2000) . The output data had a Q20 quality score … % for …% of the reads or higher were removed and data was rarefied in R (see rarefraction curves in Figure S1 ). All sequencing data were the E-Gel SizeSelect 2% agarose gel was used. Emulsion PCR was performed using OneTouch 400bp kit and 145 sequencing was done on an IonTorrent PGM using the Ion PGM 400bp sequencing kit and an Ion 318v2 chip.
146
The raw reads were submitted to BioProject PRJNA478143. Raw sequence reads were imported into the CLC
147
Genomics Workbench (v7.0.4, CLCbio Arhus, Denmark) and end-trimmed on quality using the CLC genomics 148 default settings (quality limit 0.05 and two ambiguous nucleotides allowed) and length (≥100 bp) resulting in 149 X million reads for S1 and X million reads from S6. 16S rRNA gene analysis and functional gene (amoA, dissolved oxygen (DO) and total dissolved solids (TDS) were determined at every sample location (Table 2 ).
160
The temperature values for water samples ranged from 20°C in Mata Air Citarum (S1) to 27°C at Cilampeni 161 (S4). The pH was at all sites between 6 and 7. Furthermore, the conductivity of the water increased as the river 162 got more contaminated. The DO was different at each site, Situ Cisanti (S1) had the highest amount of oxygen 163 in the water followed by Cilampeni (S4). At both sites the water flow was high, which resulted in more oxygen 164 in the water. The TDS increased with the pollution but did not exceed the maximum contamination level of 165 500 ppm advised by the EPA Secondary Regulations.
167
Microbial community structure based on 16S rRNA gene amplicon sequencing
168
For each site, the 16S rRNA genes were amplified using two primers sets targeting Bacteria and Archaea, 169 respectively. The Shannon and Simpson diversity analyses showed a high bacterial and archaeal diversity at 170 the source of the river (S1 and S2), however with increasing pollution the microbial diversity decreased (Table   171 3 and 4). The Shannon evenness showed a decrease in evenness along the gradient of pollution, with highest 172 evenness found in the pristine site, however, this was not visible from the Simpson indexes (Table 3 and 4).
173
No trend could be found in the Chao1 species richness estimations (Table 3 and 
177
Forty to 60% of the bacterial community structure was made up of reads affiliated to groups with an individual 178 abundance of less than 2%. The rare microbial biosphere decreased in S3-S6, but was still around 25%.
between 21-38% at the different sites. Beta-and Deltaproteobacteria were the most abundant classes in the 181 sediment of the source of river (S1 and S2) (with 15-18% Betaproteobacteria 8-11% Deltaproteobacteria),
182
followed by Alphaproteobacteria (3-9%) and Gammaproteobacteria (3% 
190
Furthermore, in the sediment of the polluted site Clostridia increased in relative abundance compared to the 191 origin of the river (4-8% in S1 and 2 to 14% in S6).
192
The archaeal community structure was also influenced by pollution and became less diverse at the more 193 polluted sites. Soil Crenarchaeotic group had the highest relative abundance at all sites (between 28-79%),
194
followed by Methanosaetaceae (6-24%) (Figure 3 ). The methanogens Methanosarcinaceae and
195
Methanobacteriaceae became more abundant with pollution, while Bathyarchaeota (12-15% in S1 and S2)
196
and Methanoregulaceae (17% in S2) were mostly present at the origin of the river.
198
16S rRNA gene analysis of S1 and S6 by metagenomics
199
Metagenomic datasets of Citarum river sediment were analyzed for 16S rRNA gene diversity, and functional 200 of nitrogen and methane cycle potential. In total, 5.1 million reads were sequenced (Table S1) Beta-and Deltaproteobacteria were more abundant at S1 (13% and 10% at S1 compared to 6% and 2% at S6),
207
while at S6 more reads were affiliated to Alpha-(7% versus 8% at S1 and S6) and Gammaproteobacteria (7% 208 at S1 and 10% at S6) ( Figure 5 ). The Betaproteobacteria at S1 were dominated by the orders Burkhorderiales Pseudomonadales. The relative abundance of Acidobacteria, Cyanobacteria, and Nitrospirae was higher at S1 215 compared to S6 (6%, 8% and 5% at S1 to 3%, 1% and 0.3% at S6 respectively). In the sediment of the highly 216 polluted site Actinobacteria (S1 6% and S6 13%), Bacteroidetes (S1 5% and S6 8%), and the Firmicutes (S1 217 5%, S6 20%) had increased in relative abundance.
219
Genetic potential for nitrogen and methane cycling
220
Nitrogen cycling potential
221
To study the nitrogen and methane cycling the nitrogen and methane related functional genes were analyzed 222 to gain more insight how river pollution might influence genomic potential for these processes. We performed 
231
At the polluted site the assigned amoA reads were even lower, 3 reads for AOA and 1 for AOB. The marker 232 gene hao was affiliated to 175 reads in S1 and decreased to 35 reads in the polluted site. For S1 94% of the 233 reads were affiliated to Bacteria, 32% of which were assigned to Proteobacteria and 16% to Planctomycetes.
234
At S6 14 hao matches were affiliated with Proteobacteria and 5 with Planctomycetes.
235
The second step in nitrification is the oxidation of nitrite to nitrate, which was studied using the marker genes 236 nitrite oxidoreductase (nxrA) and nitrate reductase (narG/napA 
258
(16%) compared to S1 (9%).
260
The nitrogen fixation potential was found with the use of the marker gene nifH (encoding for a subunit of the 261 nitrogenase). In total 47 and 58 reads matched nifH in S1 and S6 respectively. The gene was more found in
262
Archaea in S6 compared to S1, while the potential bacterial community was diverse.
264
Methane cycling potential
265
To find the methane cycling potential in the Citarum river sediment marker genes were used targeting methane 266 production and oxidation. The gene encoding for methyl-coenzyme M reductase (mcrA) was used to find the potential for methane production and anaerobic methane oxidation. At S1 12 reads matched to mcrA, which 
294
The major bacterial phylum at all sites, where genomic DNA was extracted and analyzed, were the 295 Proteobacteria, with dominance of Beta-and Deltaproteobacteria at the source of the river (S1 and S2), which shifted to relative high abundance of Alpha- 
333
The methane cycle genes pmoA and mcrA were much less covered and showed a higher potential for 334 methanogenesis at the polluted site.
336
In conclusion, we showed that with the increase of pollution in the Citarum river, the microbial community Figure 2 . Non-metric multidimensional scaling (NMDS) plot for the bacterial community structure on OTU level for sample 1 to 6, with an average stress level of 0.16 using 20 iterations. 
